ABSTRACT Pitfall traps were used to monitor the seasonal activity of arthropod preda tors, parasitoids, and decomposers in replicated plots of centipedegrass turf for 3 yr (1989)(1990)(1991) at two locations. During 1990 and 1991, the influence of single or combined herbicide, insecticide, and fertilizer applications on these beneficials was assessed. In total, 21 species of carabids in 13 genera and 17 species of staphylinids in 14 genera were represented in pitfall-trap collections. Nonsminthurid collembolans, ants, spiders, and parasitic Hymenoptera were adversely affected in the short term by insecticide applica tions targeting the twolined spittlebug, Prosapia bicincta (Say). Other taxa, notably orib atid Acari, increased over time in response to pesticide or fertilizer applications. Although various taxa were reduced by pesticide application during three of four sample intervals, a lack of overall differences in season totals suggests that the disruptive influence of certain chemical management practices may be less severe than expected in the landscape.
Eremochloa ophiuroides (Munro) Hack, a native of China and Southeast Asia introduced into the United States in 1916, has become widely grown from South Carolina to Florida and westward along the Gulf Coast states to Texas (DubIe 1989) . It is well ad~pted to the sandy, acid soils of the southeastern United States, where its popularity as a lawn grass is attributed to low fertility and low maintenance requirements. Although centipedegrass is rela tively free of insect and disease problems com pared with most warm-season turfgrasses (Beard 1973) , certain insects such as ground pearls, Mar garodes spp. (Homoptera: Margarodidae), and the twolined spittlebug, Prosapia bicincta (Say) (Ho moptera: Cercopidae), can become persistent, se rious pests (Beard 1973 , Tashiro 1987 . Once pri marily a coastal problem, spittlebugs are now a major turf problem in urban areas in the Gulf states and Georgia, particularly during years with heavier than normal spring rainfall (Cobb 1990) .
Turfgrasses are inhabited by a diverse fauna of nonpest invertebrates that may help to regulate pest populations (Reinert 1978 , Cockfield & Pot ter 1984a or'improve soil physical properties and aid in nutrient recycling (Potter et al. 1985 (Potter et al. , 1990a . Beneficial arthropods occurring in turf have been mentioned by several authors (e.g., Bohart 1947 , Johnson & Cameron 1969 , Mailloux & Streu. 1981 , Klein 1982 , Cockfield & Potter 1984b . Effects of chemical management prac tices on beneficial invertebrates in cool-season turf have also been assessed (e.g., Cockfield & Potter 1983 , Arnold & Potter 1987 , Potter et al. 1990b , Vavrek & Niemczyk 1990 .
Studies characterizing the beneficial arthropod community and assessing effects of management practices on those invertebrates are especially lacking for warm-season turfgrass species. Re search on compatibility of pesticides with the beneficial fauna is essential to the development of ecologically sound integrated pest manage ment programs for turf (Potter & Braman 1991) . We report here the seasonal dynamics of preda tors, parasitoids, and decomposers and their re sponse to chemical inputs in centipedegrass turf.
Materials and Methods
Plots were delineated in established centi pedegrass at two University of Georgia research sites in Griffin. Site 1 had received moderate maintenance, including irrigation as necessary to prevent wilt symptoms. Maintenance included fertilizer and herbicide applications as in Geor gia turfgrass recommendations (Extension bulle tin 978, "Weed control in home lawns," leaflet 313, "Centipede lawns"). Site 2 had been on a very minimal maintenance program with no irri gation applied. Sites were "'" 1.6 km apart. Site 1 . was surrounded by turf, and site 2 was bordered by woods, pasture, and agricultural crops. The turf was mown weekly to a height of 3.8 cm, and clippings were left on the plots. Ground-dwelling arthropods were monitored using uncovered pitfall traps containing ethyl ene glycol solution (Morrill 1975) . Contents of . pitfall traps were washed with tap water through a 52-mesh screen and stored in 70% ethyl alco hol. Organisms were counted using a binocular microscope and grouped into major taxa as fol lows: Araneae, Formicidae, Staphylinidae, Cara bidae, parasitic Hymenoptera, oribatid Acari, and Collembola. Staphylinidae and Carabidae were further identified to species; these taxa rep resent the groups that were consistently ob served at both sites.
During 1989, four blocks, each 232.5 m 2 , were established at both sites with two traps operated per plot. In total, eight traps per site were emp tied weekly from 7 April 1989 through 21 Feb ruary 1990. During 1990, the experimental sites were subdivided, and treatments were applied according to the schedule listed in Table 1 . Plots received one of five treatments: herbicide, insec ticide, fertilizer, all three inputs, or no treatment and were arranged in a completely randomized design with three replications (251 m 2 ; 83.7 m 2 per treatment) per site. Treatments were sepa rated with a 0.9-m untreated border. Insecticide applications were timed to target the twolined spittlebug. Fifteen traps per site were operated from 1 March 1990 through 29 October 1990 and from 9 January 1991 through 28 October 1991. Traps were placed in the center of each plot, one per plot. Pitfall samples were divided into four sample periods per year based on timing of treatment applications. Sample periods during 1990 were: 1,3 April-27 June; II, 5 July-26 July; 111,2 August-23 August; and IV, 4 September-29 October. During 1991, sample periods were: 1,2 April-8 July; II, 15 July-29 July; 111,5 August-29 August; and IV, 5 September-28 October. Weekly counts were pooled within each sample period, and the abundance of various arthropod groups compared between treatments and the control us ing an orthogonal contrasts test (Sokal & Rohlf 1981) following a significant analysis of variance (ANOVA) for each site. The fauna collected at each site was generally unique to the site, al though some species occurred in both locations. The effect of site was considered in the ANOVA models and was highly significant for all taxa ex cept spiders during 1991, with similarly signifi cant treatment x site interactions. For these rea sons, sites were considered separately during analysis. Significance at ex = 0.1 was interpreted as indicative of meaningful trends because of the considerable variability found in pitfall trap data.
Results
Seasonal Occurrence and Abundance. Relative abundance of the >203,000 predators, paras i toids, and decomposers collected varied with site (Table 2 ). Carabidae and Formicidae were Significantly (P < 0.001) more abundant at site 2. Certain species, however, such as Agonum pune tiforme Say, were more prevalent at site 1. Other major taxonomic groups were proportionally sim ilar at both sites. CicindelHds, anthocorids, na bids, dermapterans, and assorted Chilopoda were captured in numbers too small to permit an assessment of their seasonal dynamics.
Spiders were well represented throughout the year (Fig. 1) . Immature spiders were especially abundant during late June, early July, and again in September. Families of spiders trapped included Erigonidae, Thomisidae, Haniidae, Lycosidae, Gnaphosidae, Salticidae, Tetrag nathidae, Agelinidae, Clubionidae, Ctenizidae, and Linyphiidae.
Ants were the most abundant predators cap tured (Table 2) . Ants were most active during the summer months but were captured year round (Fig. 1) . SpeCies identified included Solenopsis invicta (Buren), Prenolepis imparis (Say), Irido myrmex humilis (Mayr), Formica schaufussi Mayr, and Ponera pennsylvaniea Buckley (Hy menoptera: Formicidae).
Twenty-one species of carabids and 16 sta phylinid species were identified from pitfall-trap collections (Table 2) . Only the collection of adults is reported <here. Relative abundance of these species varied with site (Table 2 ) and among years. Agonum punctiforme Say (Co leoptera: Carabidae), for example, was the most abundant carabid at site 1, but Harpalus sp. (probably pennsylvanicus DeGeer (Coleoptera: Carabidae)) was more abundant at site 2. Scarites subterraneus F. (Coleoptera: Carabidae) also was common at both sites each year. Carabids Table 2 . Relative abundance of arthropods collected from pitfall traps in centipedegrass, Griffin, GA, 1989 -1991 were most abundant in autumn (Fig. 1) . Adult A. punctiforme were abundant from October to February. Harpalus sp. adults were collected most often in September and October. S. subter raneus adults were most abundant from May to July. Apocellus sphaericollis (Say) (Coleoptera: Sta phylinidae) was the most abundant staphylinid collected, constituting over half of the individual specimens collected at both sites. Activity of adults was greatest from June to August during 1989 and 1991, with continued activity through September during 1990 (Fig. 1) .
Parasitic Hymenoptera were captured in large numbers in pitfall traps each year ( Fig. 2 ; Table  2 ). Although species belonging to thesuperfam ilies Ichneumonoidea and Chalcidoidea were of ten captured, those found in greatest abundance were proctotrupoids. Peaks in adult abundance were apparent in May and September each year, with additional periods of increased activity in January of 1990 at both locations.
Oribatid mites (Fig. 2) increased each year at both sites. Greatest activity occurred from June to August in 1989 and 1990; during 1991, peak abundance occurred during April-J une. CoB em bola collected in large numbers in pitfall traps (Table 2 ; Fig. 2 ) were primarily Sminthuridae, Entomobryidae, and lsotomidae. Sminthurids were most abundant in winter and spring sam ples. July-September collections were generally composed of nonsminthurid collembolans. Site 1 Influence of Chemical Management Practices. test are typical of the patchy environment asso The influence ofchemical management practices ciated with diverse landscape plantings and on the previously mentioned arthropod groups were readily reinvaded by arthropods following was variable depending upon year, location, and chemical disruption. The numbers of spiders, sample interval (Figs. 3-6 ). Small plots in our ants, parasitic Hymenoptera, and nonsminthurid 
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During 1991, the abundance of ants, parasitic Hymenoptera, and nonsminthurid Collembola were again reduced in insecticide-treated plots but generally repopulated rapidly. Carabids and sminthurid Collembola were unaffected each year in these small-plot studies. Staphylinids be came more abundant in herbicide and insecti cide-treated plots (site 1, 1990 and 1991) (Fig. 4) .
The predominant staphylinid, A. sphaericollis, is a scavenger, feeding on humus and decaying vegetation and is a pest of greenhouse-grown violets (Chittenden 1915 Mailloux & Streu (1981) described the population fluctuations of sta phylinids in the genera Meronera, Philonthus, Atheta, and Tachyporus in New Jersey turfgrass and reported that an Amara sp. was the most common adult carabid in the habitat.
Collembolans, ants, spiders, and parasitic Hy menoptera were adversely affected in the short term by insecticide applications targeting the twolined spittlebug. The staphylinid A. sphaericollis, oribatid Acari, and nonsminthurid Collembola increased over time in response to insecticide, herbicide, or fertilizer applications, partly in response to increased decaying organic matter or a decrease in predators, or both (We gorek & Trojanowski 1986, Arnold & Potter 1987 , Turner et al. 1987 , Vavrek & Niemczyk 1990 . Our data suggest that turf areas in a patchy land scape environment should be readily recolo nized by beneficial arthropods following judi ciously timed application of pesticides. Effects of the moderate turf maintenance program exam ined here were variable but were generally less severe and of shorter duration than might be expected. However, when additional insecticide applications are required (e.g., for white grub or billbug contro!), negative efiects on nontarget groups would likely be more severe than is re ported here (Arnold & Potter 1987 , Vavrek & Niemczyk 1990 ). Rushton et al. (1989) found the frequency of use of chlorpyrifos to be an impor tant factor influencing the composition of ground beetle and spider communities in grasslands where a few highly invasive and colonizing spe cies tended to dominate. Knowledge of the ef fects on nontarget arthropods of treatments ap plied to large turf areas over longer periods remains as a critical need for assessment of the effects of management practices on the turfgrass ecosystem.
